ABSTRACT: Barley (Hordeum vulgare L.) is widely used for brewing and animal feed. Recently, it has become desirable for human consumption due to its high nutritional significance, specially hull-less or naked barley. There are differences in nutritional and malting characteristics among barley varieties. RAPD procedure is able to separate barley varieties at various similarity levels. The aim of this work was the RAPD analysis of six Brazilian hull-less varieties and seven malting varieties. PCR reactions were performed with eleven random primers. A total of 34 RAPD fragments was obtained with five primers. A dendrogram was constructed based on the Jaccard similarity coefficient. Barley varieties displayed an average similarity coefficient of 0.53. Intravarietal monomorphic fragments allowed differentiation among varieties. 
INTRODUCTION
Barley (Hordeum vulgare L) is a potentially useful grain for different purposes. It is widely used for brewing and for animal feed. In Asian countries, barley has multiple uses in the food industry (Bhatty & Rossnagel, 1998) . Due to its high soluble fiber content and nutritional significance, barley has become a desirable grain for human consumption, specially hull-less (or naked) varieties with high β-glucan content (Bathy, 1999; Gill et al., 2002) . Otherwise, hull-less varieties with low β-glucan content are foraged for their low viscosity (Yu et al., 2003) . Malting varieties are preferred by brewing industries since the hull forms a filter bed during wort filtration, although hull-less barley could be also employed in malting (Bhatty, 1999) .
There is a vast number of barley varieties with significant differences in malting and nutritional characteristics (Yu et al., 2003; Selbach & Cavalli-Molina, 2000; Bhatty, 1999; Molina-Cano et al., 1997; Tsuchiya et al., 1995) . Genetic analysis with RAPD markers is relatively easy, fast and efficient, therefore it has been extensively used to determine genetic diversity among barley varieties and to identify the best quality ones for malting (Todorovska et al., 2003; Diaz-Perales et al., 2002; Fernandez et al., 2002; Hang et al., 2000; Selbach & Cavalli-Molina, 2000; Baum et al., 2000) . Nevertheless, there are few studies about genetic characterization of hull-less barley (Yu et al., 2002) .
In order to explore areas of application for Brazilian hull-less varieties, which are still in developmental stages and not commercially available, RAPD analysis were conducted with these varieties and also with malting varieties for comparison purposes. In this work, we used RAPD markers to evaluate the genetic similarity among and within thirteen Brazilian barley varieties (six hull-less and seven malting varieties) and one North American malting variety.
MATERIAL AND METHODS
Seeds from six Brazilian hull-less barley varieties, seven Brazilian and one North American malting varieties (Harrington) were used for RAPD characterization (Table 1) . Seeds of seven to ten plants from each variety were germinated in the greenhouse and DNA was isolated from leaves (400 mg) of individual 20-day-old plants using the procedure of Doyle & Doyle (1990) .
The PCR reaction mixture (25 µL) contained approximately 50 ng of barley DNA, 0.5 µM of primer (InVitroGene), 0.2 mM of each dNTP, 10 mM Tris-HCl (pH 8.0), 50 mM KCl, 2 mM MgCl 2 and 1U of Taq DNA polymerase (Invitrogen). PCR reactions were performed in thermal cycler (MiniCycler TM MJ Research) programmed for 94°C for 2 min., 44 cycles of 94°C for 1 min., 36°C for 30 sec., 72°C for 2 min., and finally 72°C for 7 min. Eleven primers were used to generate RAPD fragments (A01, A02, A03, F03, F04, F05, F07, F08, F09, F11, F15). DNA amplification fragments were separated on 1.5% agarose gel, stained with ethidium bromide and photographed under ultraviolet light with a digital photosystem. DNA fragments length was estimated by comparison with 1 kb ladder (Amershan).
DNA bands were scored as present (1) or absent (0) to construct a binary matrix in order to determine Jaccard similarity coefficient. Comparison among the individuals of the same variety was performed to evaluate the intravarietal relationships using each individual as an OTU (operational taxonomic unit). The different varieties were compared by monomorphic bands displayed by all individuals of each variety in order to evaluate the intervarietal relationships. Data analysis was performed with the NTSYS program version 2.02 (Rohlf, 1992) . Dendrogram using each variety as an OTU was constructed from the Jaccard similarity coefficient data by the UPGMA clustering method to evaluate the intervarietal relationships. Genetic similarity and polymorphic band percentage were estimated.
RESULTS AND DISCUSSION
Among the eleven primers used to amplify DNA, five yielded scorable fragments. Further RAPD analysis was based on reproducible fragments obtained with the DNA amplification of 137 plants from thirteen varieties, with a minimum of seven plants per variety. Examples of RAPD profiles are in Figure 1 . Faint bands were not considered because of their ambiguous nature.
Five primers produced a total of 34 reproducible bands, with DNA fragment sizes ranging from 300 to 4400 bp. All of them were polymorphic (Table 2) . High levels of polymorphic RAPD fragments were also observed by other authors for Brazilian (93%; Selbach & Cavalli-Molina, 2000) and Chinese varieties (77%; Chen et al., 2000) . The total number of reproducible bands generated per primer per individual varied from 2 to 12, with an average of 6.8 bands per primer. Monomorphic bands were detected within each variety, thus they were considered as marker bands that allowed differentiation between varieties. A total of 31 marker bands were identified, each primer generated on average 6.2 marker bands per primer (Table 2) .
Cluster analysis from genetic similarity values was conducted to generate a dendrogram indicating relationship among the thirteen Brazilian varieties and one (Figure 2) . The grouping method did not separate malting from hullless varieties. The intervarietal similarities of each variety with all others were calculated by the Jaccard similarity coefficient and the mean similarity coefficient among all varieties was 0.53, very close to 0.52 previously reported by Selbach & Cavalli-Molina, (2000) , who affirm that Brazilian varieties show high degree of genetic relationship. Because barley is a self-pollinating plant, its heterozigosity level is not as high as that of cross-pollinating plants. Therefore, numerous varieties were collected to increase the breeding background. In contrast, most current breeding efforts in barley involve crosses among elite lines that share common ancestors (DiazPerales et al., 2002; Yu et al., 2002; Todorovska et al., 2003) . Brazilian barley varieties emerged from common ancestors and it could explain the high degree of genetic similarity among them.
Similarity coefficients among individuals of each variety are shown in Table 3 . The average of intravarietal similarity ranged from 0.53 to 0.85. Again, these values were very close to those reported by Selbach & CavalliMolina (2000) . Hull-less varieties presented high simi- MN698 (08) EMBRAPA128 (08) BR-2 (10) CBB1 (08) BRS195 (10) MN684 (10) HARRINGTON (10) IAC8501-31 (10) IACIB214/82(10) IAC8612/421 (10) EMBRAPA127 (10) IAC8501-12 (10) IAPAR39 (09) IAC8501-22 (07) MN698 (08) EMBRAPA128 (08) Similarity Coeficient (Selbach & Cavalli-Molina, 2000) and by hordein patterns (Echart-Almeida & Cavalli-Molina, 2000) . Selbach & Cavalli-Molina (2000) proposed that genetic variability in the Brazilian varieties may be a consequence of thin selection imposed by breeders. These authors have reported a high degree of genetic relationship among different Brazilian malting varieties and a high degree of variability within them. Despite this high intravarietal variability, they demonstrated that plants of the same variety fell into a unique group and only later joined those of different varieties. We observed the same structure of variability among and within varieties. Chemical characterization of the same six hullless barley varieties used in our study was performed by Helm & de Francisco (2004) , the authors found high β-glucan and protein content . Then, these varieties are more appropriate for health-promoting food products than to malting. Yu et al. (2002) proposed a specific RAPD fragment that differentiates high and low β-glucan content varieties. Further studies will be conducted to test a RAPD marker that could be used to select high and low β-glucan content varieties.
CONCLUSIONS
RAPD markers were suitable for detection of genetic variability between Brazilian barley varieties. Therefore, they can discriminate these varieties and can be used to assist in their identification.
